CONTROL APPARATUS OF AUTOMATIC TRANSMISSION 



This application is based on and claims priority under 35 U.S.C. § 1 19 
with respect to Japanese Application No. 2003-081967 filed on March 25. 2003, 
the entire content of which is incorporated herein by reference. 

FIELD OF THE INVENTION 
0001 

This invention generally relates to an automatic transmission and a 
pre-charge time setting means for the automatic transmission. 

BACKGROUND OF THE INVENTION 
0002 

A known hydraulic pressure value controller for an automatic 
transmission directly controls a hydraulic pressure value from a hydraulic 
pressure source by an electromagnetic valve and the hydraulic pressure value 
provided to friction engaging elements (friction clutch and friction brake), then 
each friction engaging element becomes in engaged or disengaged condition. 
0003 

Specifically, such clutch is controlled to move rapidly within an 
allowance range from the point where the clutch stars to be moved to the point 
where the clutch becomes in engaging condition, and further controlled to move 
slowly by shifting the connection speed once the clutch becomes in engaging 
condition. As shown in Fig.11 , in the allowance range of a first half of a piston 
stroke of a clutch piston (hereinbelow referred to as a piston), the friction 
engaging element is quickly filled with fluid (pre-charge) for increasing a piston 
speed. After a predetermined pre-charge time, the piston speed is decelerated 
to almost "zero" on the verge of that the friction engaging element becomes in 
engaging condition. Then, the piston speed needs to be maintained at a low 
speed corresponding to the low hydraulic pressure value (stand-by hydraulic 
pressure value) for keeping the piston at stand-by position. In this way, the 
automatic transmission needs to be more improved in terms of responsiveness 
and followability. Thus, the operation speed of transmission may be improved, 
at the same time, a shift shock may be prevented. 



0004 

The shift shock will be occurred when the pre-charge pressure or pre- 
charge time is excess, and the responsiveness and followability will be poor 
when the pre-charge pressure or pre-charge time is short, so that the pre- 
charge pressure or pre-charge time need to be set preferably. If an appropriate 
acceleration time of the piston is set by the setting the pre-charge time 
preferably in response to the predetermined pre-charge pressure, especially at 
initial factory setting, individuality on each vehicle due to the environment or 
fluctuations of the automatic transmission, engine or electromagnetic valve will 
be reduced, and product quality will be secured. 
0005 

To realize such pre-charge time control, a method to correctly detect a 
time when the piston engages with the clutch needs to be presented. As shown 
in Fig.1 1 , in normal transmission except a shift change when the vehicle start 
traveling (N-+D, N-*R), a rotation number of the input shaft is not changed until 
an inertia phase at which a rotation change arises inside the automatic 
transmission, so that an output shaft torque may be detected by a torque sensor 
in stead of the rotation number of the input shaft, but the fact is that such torque 
sensor is not used in terms of poor accuracy thereof and the fluctuation of the 
output shaft torque. 
0006 

Meanwhile, methods for detecting inflection point of the input shaft 
rotation are disclosed in Japanese Patent Laid-Open Publications Tokukaihei 6- 
11026, Tokukaihei 11-351365 and Tokukaihei 9-287657. In Tokukaihei 6- 
1 1026, a means for determining an engaging starting point of a friction element 
used when the vehicle starts moving depending on a rotation number of a 
turbine is disclosed. In addition, a means for determining a transmission starting 
point when the rotation number being smaller than the maximum rotation 
number is detected twice in series is disclosed in Tokukaihei 1 1-351365. 
Furthermore, in Tokukaihei 9-287657, a means being combination of 
aforementioned two known means for determining a starting point of the inertia 



phase based on a predetermined percentage change of the rotation number 
obtained from a predetermined time and a predetermined rotation is. disclosed. 
0007 

However, if aforementioned three known means are used to detect the 
engaging point where the piston engages with the clutch, problems may be 
occurred that it becomes difficult to prevent the individual difference on each 
product because various thresholds need to be set based on temperature and 
each friction engaging element. For example, the preferable pre-charge time in 
response to the each of friction engaging elements, temperature and the pre- 
charge pressure may not be set on initial setting before shipment, so that the 
piston is engaged with the clutch really fast. In this case, the input shaft rotation 
changes quickly, furthermore, such change may differ depending on each 
friction engaging element, so that the various thresholds need to be set based 
on temperature and each friction engaging element. 
0008 

Fig. 12 illustrates waveforms of each value related to the automatic 
transmission when the friction engagement element becomes engaged by the 
movement of the piston at the predetermined pre-charge pressure. It is clear 
from the actuation structure of the automatic transmission, the piston is pushed 
and moved by the hydraulic pressure to be engaged with the friction engaging 
element, then the piston strokes ends, and the torque is transmitted along with 
that the hydraulic pressure rapidly rises. It is also clear from waveforms in 
Fig.12 that a slope of the declining line indicating the rotation number of the 
turbine, for example, is determined by a factor due to a structure of the friction 
engaging element. However, it is not sure that a transmitting starting point is 
obtained as a unique value by the aforementioned known means. Thus, the 
aforementioned known means may be preferable for determining the inflection 
point of the individual input shaft, however, there is a limit to practically use 
such known means for determining the point at which the piston engages with 
the clutch. 
0009 

Furthermore, the inflection point of the hydraulic pressure as shown in 
Fig.12 may be used as the point at which the piston is engaged with the clutch, 



in other words, a torque generating point, however, may not correspond to the 
inflection point of the hydraulic pressure due to various conditions, such as 
temperature, and various kinds of the friction engaging element. 
0012 

In consideration of aforementioned problems, the present invention 
seeks to provide a pre-charge time setting means being high accuracy and 
applicable regardless of various conditions, such as individual difference 
between each product, temperature change or various characteristics of the 
friction engaging element, and a automatic transmission including such pre- 
charge time setting means. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, an automatic transmission 
includes plural friction engaging elements configuring plural shift ranges based 
on combinations of each friction engaging element being in engaging or 
disengaging condition, a controlling unit for controlling the friction engaging 
elements to be in engaging or disengaging condition by controlling a hydraulic 
pressure applied thereto, comprising: a switching means for switching the 
condition of the controlling unit to a learning mode for leaning a pre-charge time 
at a predetermined pre-charge pressure, a means for determining the pre- 
charge time activated upon the learning mode based on input values indicating 
at least a turbine rotation number, wherein the means for determining the pre- 
charge time, on condition that a vehicle is not traveling, and the controlling 
portion is switched to the leaning mode includes a means for moving the friction 
engaging element toward engaging side by controlling the hydraulic pressure 
applied to the friction engaging element to be at the predetermined pre-charge 
pressure by the controlling portion while an input shaft rotating number of the 
automatic transmission is constant, a means for measuring and memorizing the 
input values with predetermined intervals in a predetermined determining cycle, 
and a means for learning and setting a current time as the pre-charge time 
when a change of the input value due to a decline of the turbine rotation number 



within the determining cycle fulfills a predetermined noise eliminating condition, 
and a differential between a current input value and a former input value and a 
differential between the former input value and a last but one input value 
exceed a predetermined threshold. 

According to another aspect of the present invention, an automatic 
transmission further comprises an input means for detecting an engine rotation 
number, wherein the means for determining the pre-charge time uses a rotation 
number differential between the turbine rotation number and the engine rotation 
number as the input value. 

According to still another aspect of the present invention, a method for 
setting the pre-charge time for an automatic transmission includes plural friction 
engaging elements configures plural shift ranges based on combinations of 
each friction engaging element being in engaging or disengaging condition, a 
controlling unit for controlling the friction engaging elements to be in engaging 
or disengaging condition by controlling a hydraulic pressure applied thereto, 
comprising: a process for determining the pre-charge time for determining the 
pre-charge time based on input values indicating at least a turbine rotation 
number, on condition that a vehicle is not traveling, a process for moving the 
friction engaging element toward engaging side by controlling the hydraulic 
pressure applied to the friction engaging element while the pre-charge time is 
set at the predetermined pre-charge pressure by the controlling portion when an 
input shaft rotating number of the automatic transmission is constant; wherein 
the process for determining the pre-charge time includes a process for 
measuring and memorizing the input values with predetermined intervals in a 
predetermined determining cycle, and a process for learning and setting a 
current time as the pre-charge time when a change of the input value due to a 
decline of the turbine rotation number within the determining cycle fulfills a 
predetermined noise eliminating condition, and a differential between a current 
input value and a former input value and a differential between the former input 
value and a last but one input value exceed a predetermined threshold. 



According to still further aspect of the present invention, the process for 
determining the pre-charge time uses a rotation number differential between the 
turbine rotation number and the engine rotation number as the inputvalue. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

The foregoing and additional features and characteristics of the current 
invention will become more apparent from the following detailed description 
considered with reference to the accompanying drawing figures in which like 
reference numerals designate like elements and wherein: 

Fig.1 illustrates a diagram showing a whole configuration of an automatic 
transmission in the embodiment according to the present invention; 

Fig.2 illustrates a diagram showing engaging or disengaging conditions of the 
friction engaging elements relative to transmission shifts; 

Fig.3 illustrates a cross-sectional pattern diagram of a multi plate wet clutch as 
an example of the friction engaging elements; 

Fig.4 illustrates a graph indicating a change of the turbine rotation number Nt 
and a hydraulic pressure wave form used in the present invention; 

Fig.5 illustrates a flow chart of a setting process of a pre-charge time setting 
means according to the embodiment of the present invention; 

Fig.6 illustrates an explanation diagram of an example of determining 
conditions, which indicating a change of the turbine rotation number near a 
point at which a piston end is determined; 

Fig.7 illustrates a graph indicating experimental results of an embodiment 
according to the present invention; 



Fig.8 illustrates a graph indicating experimental results of an embodiment 
according to the present invention; 

Fig.9 illustrates a graph indicating experimental results of an embodiment 
according to the present invention; 

Fig. 10 illustrates a graph indicating experimental results of an embodiment 
according to the present invention; 

Rg.1 1 illustrates a graph indicating a wave form of the hydraulic pressure when 
the automatic transmission is shifted up; and 

Fig. 12 illustrates a graph indicating waveforms when the friction engaging 
elements are rapidly moved and engaged upon a predetermined pre-charge 
pressure. 

DETAILED DESCRIPTION OF THE INVENTION 
0016 

A preferred embodiment of the present invention will be described 
hereinbelow in detail with reference to the accompanying drawings. Fig.1 
illustrates a whole configuration of an automatic transmission according to the 
embodiment of the present invention. According to Fig.1 , the automatic 
transmission 1 includes a transmission body 2, a hydraulic pressure controlling 
unit 3 and an electronic control unit 4. 
0017 

The transmission body 2 includes an input shaft 1 1 connected to a 
turbine 10a of a torque converter 10, an output shaft 12 connected to wheel 
side, a double pinion planetary gear G1 and single pinion planetary gears G2 
and G3 connected to the input shaft 1 1 , friction clutches C1 , C2 and C3 
provided between the input shaft 1 1 and the double pinion planetary gear G1 , 
the single pinion planetary gears G2 and G3, and friction brakes B1 and B2. In 



8 



aforementioned configuration, engaging or disengaging combination among the 
friction clutches C1, C2 and C3, and the friction brake B1 and B2 is selected by 
the hydraulic pressure control unit 3 and the electronic control unit 4. Thus, a 
certain shift range can be selected as shown in Fig.2. 
0018 

Fig.3 illustrates a pattern diagram of a multi plate wet clutch shown as 
an example of the friction engaging element. As shown in Fig.3, each clutch 
includes a piston 31, a return spring 32 generating a reaction force against the 
piston 31, driven plates 331 fitted in a clutch drum 33 side, and drive plates 341 
fitted in a clutch hub 34 side. Once the hydraulic control unit 3 increases the 
hydraulic pressure, the piston 31 is pressed against each plate side, and a 
friction is generated between each driven plate 331 and each drive plate 341 , 
then the each driven plate 331 engages with the each drive plate 341 , as a 
result, a turbine rotating number Nt is decreased. On the other hand, the 
hydraulic control unit 3 decreases the hydraulic pressure, the piston 31 is 
pushed back due to the reaction force of the return spring 32, then the each 
driven plate 331 disengages from the each drive plate 341. 
0019 

Based on the instruction from the electronic control unit 4, the 
hydraulic control unit 3 switches an inner hydraulic circuit, selects an 
appropriate friction engaging element, controls the hydraulic pressure provided 
into the clutch, as a result, the friction engaging element becomes engaging or 
disengaging condition. 
0020 

The electronic control unit 4 includes a computer for driving the 
hydraulic control unit 3 based on an input value from various sensors including 
a turbine rotating sensor 13 for detecting the turbine rotation number Nt of the 
input shaft 1 1 (turbine 10a) and a position sensor 14 for detecting the position of 
the selector lever operated by a driver. In addition, the electronic control unit 4 
includes computer programs of a leaning mode switching means 41 for 
switching the condition of the hydraulic control unit 3 to an operation mode for 
leaning the pre-charge time, and a pre-charge time determining means 42 for 
setting the pre-charge time. Once a predetermined operation being detectable 



by the computer in the electronic control portion 4, the leaning mode switching 
means 41 starts an after-mentioned setting process for the pre-charge time. 
0021 

A method for setting the pre-charge time relative to the friction clutch 
C3 will be explained. Firstly, the condition of the vehicle is set as follows. The 
vehicle is not traveling (the output shaft 12 is fixed) while the engine starts, and 
the aforementioned program for setting the stand-by hydraulic pressure starts. 
Then, the select lever is shifted from N range (the friction brake B2 is engaging) 
to R range (the friction clutch C3 engages with the friction brake B2). In this 
condition, the electronic control unit 4 controls the friction brake B2 to be in 
engaging condition through the hydraulic pressure control unit 3. As 
aforementioned above, the N ranges is a neutral condition in which the friction 
brake B2 is in engaging condition, so that the electronic control portion 4 
maintains such neutral condition. 
0022 

Then, the electronic control unit 4 outputs a driving signal through the 
hydraulic control unit 3 for controlling the hydraulic pressure of the friction clutch 
C3 becomes at a predetermined pre-charge pressure. 
0023 

Fig.4 illustrates a graph showing a hydraulic pressure waveform 
obtained by the aforementioned control and the turbine rotation number Nt. As 
shown in Fig.4, the electronic control unit 4 executes the aforementioned driving 
control, at the same time, the electronic control unit 4 monitors the turbine 
rotation number Nt per predetermined measuring cycle being, for example, 5 
msec interval. Then the electronic control unit 4 detects whether or not the 
piston is engaged with the clutch, and the point of time is determined as the pre- 
charge time. 
0024 

The aforementioned determining process will be explained in detail in 
reference to Fig.5. The electronic control unit 4 executes a predetermined 
initializing process (Step S1), starts to control by the predetermined pre-charge 

time (Step S2), replaces Nt, Nt,, NU, of a former cycle with Nt,, Nt 2 

Ntn for memorize the input value Nt in a predetermined n cycle, and memorizes 
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an input value Nt of a current cycle (Step S3), then, the electronic control unit 4 
replaces ^Nt t with the former differential value AHt and memorizes ^Ntt. At 
the same time, the electronic control unit 4 calculates a difference between the 
input value Nt of the current cycle and the input vale Nt„ of a predetermined 
cycle before, then memorizes the difference as the difference value AHt (Step 
S4). Finally, each obtained value is compared as follows. 

(1) ^Nt < threshold Nt_th (e.g. -5 rpm) 

(2) A Nti < threshold Ntjh (e.g. -5 rpm) 

(3) Nt is continuously decreasing more than or equal to a 
predetermined m times, (e.g. m=5) 

(Nt<Nt,,<Nt 2 < Nt m ) 

If the aforementioned conditions are all true (all 1 through 3), it is 
confirmed that the piston is engaged with the clutch (Step S5). The 
aforementioned condition (3) is for preventing misjudge due to noise and the 
like. Through the determining process, if it is confirmed that the piston engages 
with the clutch, the time between the pre-charge control starting point to the 
time when the piston engages with the clutch is learned as a maximum pre- 
charge time (Step S7). 
0025 

On the other hand, if the aforementioned conditions are not true, the 
process from Step S3 to Step S5 is repeated. 
0026 

Fig.6 illustrates a graph indicating decreasing condition of the turbine 
rotating number Nt near the piston end. As shown in Fig.6, a solid line 

connecting small black circles (Nt, Nt^ Nt 2 Nt n ) is a line connecting plural 

determining limit points for detecting a sharp decline of the turbine rotation 
number Nt which indicates that the piston is engaged with the clutch. In other 
word, when the turbine rotation number Nt continuously declines in a shaded 
area, it is determined that the piston is engaged with the clutch. It is determined 
from Fig.6 that the piston is engaged with the clutch when a changing rate 



(decline) being equal to or less than a value obtained from the following formula 
is generated at this point; 

Nt_th(rpm) / determining cycle t (sec) 

0027 

Rg.7 through Fig.10 illustrate graphs indicating the turbine rotation 
numbers and a servo pressures (hydraulic pressure) when the piston is rapidly 
engaged with the clutch under conditions as follows; 

determining cycle of the electronic control unit 4 = 5 msec 
threshold = — 5rpm 

continuing declining number of Nt = 5 times (aforementioned condition 

(3)) 

Fig.7 illustrates a result from determining a piston engaging point of 
the friction brake B1 when the hydraulic temperature is 80V , and the input 
rotation number is 800 rpm. The determining point in Rg.7 under 
aforementioned condition is approximately corresponding with the inflection 
point of the hydraulic pressure. In the same manner as Rg.7, Fig.8 illustrates a 
result from determining a point at which the piston engages with the friction 
clutch B1 where different pre-charge pressure is applied. Fig.9 illustrates a 
result from determining a point at which the piston engages with the friction 
clutch C1, and Fig.10 illustrates a result from determining a piston engaging 
point of the friction engaging element C3. It is found from Fig.7 trough Fig.10 
that the point at which the piston is engaged with the clutch is determined with 
the same threshold and the determining cycle even if the friction engaging 
elements or the pre-charge pressure are different. In addition, each point 
obtained by the current invention is closely related to the actual torque 
generating point. 
0032 

In the embodiment of the current invention, the turbine rotation number 
Nt is used as an input value. However, it is preferred that the input value is 
calculated from the formula I Nt-Ne I considering the change of the engine 
rotation if the friction engaging element shows a little rotation change, the pre- 
charge pressure is low and the engine rotation change is large. In this case, the 



inequality sign in each condition (1) through (3) will be reversed, and the 

threshold value will be a plus number. 

0029 

In the experimental results in Fig.7 through Fig. 10 according to the 
current embodiment, the embodiment of the current invention, the determining 
cycle is set to 5 msec, and the threshold is set to -5 rpm as a one of the 
preferable embodiment of the current invention, however, these predetermined 
values may be changed. 
0030 

According to the current invention, an accurate pre-charge time can be 
set according to the predetermined pre-charge pressure by eliminating the 
individual difference between each vehicle. In addition, the current invention is 
rarely affected by various conditions, such as the vehicle, the automatic 
transmission, temperature and the like. 

The principles, preferred embodiment and mode of operation of the 
present invention have been described in the foregoing specification. However, 
the invention which is intended to be protected is not to be construed as limited 
to the particular embodiments disclosed. Further, the embodiments described 
herein are to be regarded as illustrative rather than restrictive. Variations and 
changes may be made by others, and equivalents employed, without departing 
from the sprit of the present invention. Accordingly, it is expressly intended that 
all such variations, changes and equivalents which fall within the spirit and 
scope of the present invention as defined in the claims, be embraced thereby. 



